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CLAIMS 

r lJ A method of exposing a material to a neutron flux, 
wherein said /material is distributed in a neutron- 
diffusing med ium-, surrounding a neutron source, the 
diffusing me dy ^^^ rTei'ng^^s^b stantially transparent to 
neutrons and jjo^ayranged that^j neutron scattering within 
the dif f usingjrmedium substantially enhances the neutron 
flux, origi^n-ating from the source, to which the material 
is exposed. 

^jp. A method^ according to Claim 1, wherein the 
occupied by the diffusing medium, between the 
neutron source /nd the exposed material is at least one 
order of magni/ude larger than the diffusion coefficient 
for elastic neutron scattering within the diffusing 
medium . 

(52 A method according to Claim 1 — — 3-r wherein at 
least t^.^lfeort^ori of the diffusing medium where the 
exposed /najrerfal is distributed is made of heavy elements, 
so that multiple elastic neutron collisions result in a 
slowly decreasing energy of the neutrons originating from 
the sour/ce . 

(a). A methofi according to Claim 3, wherein said 
diffusing medium further comprises a neutron moderator 
surroundij^theJr^^tion of the diffusing medium where the 
exposed materia^ is distributed. 

i (b*) A method" According to Claim 4, wherein aCr^q ion o f^ 

the dif fusing urn, made of said heavy elements free of 

the exposed mi^erial, is located between the moderator and 
the portion /of the diffusing medium where the exposed 
material is <pis t ributed - 

^ A meth|bd according to Claim 4 ,£h?— 5rr wherein the 
moderator isym^de of carbon 1 or deuterated water. 

J/ A ^eAoda^ccording to -a^^pne— erf Claim^ 3 — 6-, 
wherein saidfrieavy elements are lead and/or bismuth. 
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'8) A method according, to Claim 7, wherein .the neutron 
source consists of a I&e&xal region of the- "J.ead .and/or 
bismuth medium, whichyf is bombarded with a" high-energy 
charged particle beam to produce neutrons by spallation. 

(T) A method according to Claim 8, wherein the lead 
and/or bismuth of saAd central region is in liquid phase, 
and is circulated oy natural convection along a circuit 
Jr2r$ — 3-5") including / a heat exchanger and an auxiliary 
heater . 

10. A method /according to any- one - of Claims^ 1— 
wherein the neutton source consists of a beryllium or 
lithium target bombarded with a charged particle beam. 

11. A method according to -a-fty — ono ■ of Claims' 1 -fee 3-r 

wherein the neutron source is a radioactive source. 

A method according to a^y— <=H*e — &€ Claims 1 to -7 , 
wherein the neu/tron source consists of a spallation target 
bombarded with/a high-energy- charged particle beam. 

13. A metthod according to -any — ©*hs — Claims' 1 .feo 7, 
wherein the Neutron source is a critical fast breeder 
reactor core/ out of which fast neutrons leak. 

14. A ifiethod according to a ny on o - o € Claims^ 1 -fro Q , 
wher/eini thi neutron source is an energy amplifier core 
combtfVsina/ a spallation target and a nuclear fuel 
material ,/ wherein the spallation target is bombarded by a 
high-ene/gy charged particle beam to produce high-energy 
neutrons' which initiate a sub-critical process of breeding 
a fissile element from a fertile element of the fuel 
material and fission of the fissile element, whereby fast 
neutrons leak out of the energy amplifier core toward the 
diffusing medium. /v 

15. A method J^cording to Claim 14, wherein the 
nuclear fuel materifei comprises further fissile elements 
cons^st^ng of actinides to be disposed of. 

A metj^bd according to Claim 14 -err — 5:5, wherein 
lead' and/or l&fermAh form both said spallation target and 
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said neutronVdif fusing medium, at least some of said lead 
and/or bisrm/th being in liquid phase and circulated along 
a coolia^__circuit to extract heat from the energy 
amplifier/core . 

' Q). 'A method of producing a • useful isotope, which 
comprises transforming a firfet isotope by exposing a 
material containing said firstf isotope to a neutron flux, 
wherein said material is /distributed in a neutron- 
diffusing medium surround^ig a neutron source, the 
diffusing medium being iubs-tantially transparent to 
neutrons and /so arranged khatj neutron scattering within 
the diffusing*' medium substantially enhances^ the neutron 
flux, originating from tfie source, to which the material 
is exposed, the method/ further comprising the step of 
recovering said i useful isotope from the exposed material. 

acccyrding to Claim 17, wherein at JLeast 
the p^rtig^ of the ydif-fusing medium where the exposed 

made of heavy elements, so that 
'collisions result in a slowly 
neutrons originating from the 


the 


material is distributee 
multiple elastic neul 
decreasing energy / o1 
source . 

(T^. A method according to Claim 18, wherein said 
diffusing medi\im___further comprises a neutron moderator 
surrounding (Jfye^por tTorii of the diffusing medium where the 
exposed material is distributed. 

(20) A mafthod according to Claim 19, wherein a ( regi on^ 
of the diffusing medium, made of said heavy elements free 
of the expdsed material, is located between the moderator 
and the portion of the diffusing medium where the exposed 
material As distributed. 

(2p. A method according to Claim 19 - or 2 0, wherein the 
moderator is made ofCca~rbon^ or deuterated water. 

22/. A /ftethod according to Claim 21, wherein the 
moderator (jiff made of carbon, and has a thickness ■ {Ar} of 
the order ok 5 to 10 cm. 
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/' s Q3^) A method acfc&p^ing to *fty— ©n-e— ef^ Claims^ 18 t-e— 2-2 ■,- 
wherein said heavy ^LeVients are v lead " and/or bismuth. 

{^)- A method according to Claim 23, wherein the 
neutron sour/e consists of a central region of the^ lead'' 1 
and/o.r bism\&lfBmedium, which is bombarded with a 'high- 
energy., cha^^r particle beam to produce neutrons by. 
spallation^ 

' v (^2j>) A method according to Clairt024, wherein the lead 
and/or bismuth of sain central region is in liquid phase, 
and is circulated by natural convection along a circuit 
— H 3 - 1 5") including a heat exchanger and an auxiliary 
heater . 

26. A method Recording to a-ny one o£»Claim^l7 2 3 , 
wherein the neutron source consists of a beryllium or 
lithium target borttoarded with a charged particle beam. 

27. A method/ according to emy ono of Claims^ 17 -^o 2 3 , 
wherein the neutron source is a radioactive source. 

V^(Jl£) A methdd according to any e m-e— ere Claim;/ 17 to - 2-3-, 
wherein the neutron source consists of a spallation target 
^bombarded with/ a high-energy charged particle beam. 

29. A^Whod^according to any onf? of Claims^ 17 fro 2-2 , 
wherein A^y^pos^d material comprises 127j as sa j.di first 
isotope, whAch produces the useful radio-isotope 128j 
capturing r/eut rons_ f rom the flux. 

30. A method/ according to Claim 29, wherein the 
exposed material i?s an iodine compound to be administered 
to patients after the neutron exposure. 

t). A meth/od according to any one of Clairr^ 17 feo 
wherein the e/posed material comprises 98 Mo as said first 
isotope, whij 
the flux, Si 
radio-isotqpe 99m Tc. 

(iP- A meyOiod according to Claim 31, wherein the 
exposed materral comprises a phosphomolybdate complex salt 
which, af te/ the neutron exposure, is absorbed in an 


produces 9^Mo by capturing neutrons from 
*Mo being allowed to decay into the useful 
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alumina matrix from which the 99m Tc is extracted afte; 
decay of a substantial portion of the 99 Mo. 


the 


33. A 



lethod according to any o ne — of G 1 a-i ms 7 17 <tr> — 2 8 , 
wherein thfe exposed material comprises 130 7e as said first 
isotope, Lftych produces 131 Te by capturing neutrons from 
the f lux/jL/O-aid 131 Te decaying into the useful radio- 
isotope 

34. A method according to Claim 32, wherein the 
exposed material/comprises metallic tellurium, which is 
melted after tfife^neut ron exposure so as tc volatilise the 
iodine /conterft/ thereof. 

A method according to any one of Claims<17 to 2 0 , 
ein the exposed! material comprises a fissile element 
as said first isoybpe, which produces fission fragments by 
capturing neutrons from the" flux, said useful isotope 
being a radioisotope extracted from said fission 
fragments . 

36. A metyhod according to - any ono of- Claim^ 17 to 2 - 8 , 
wherein the exposed material comprises 124xe as said first 
isotope, whifch produces 125 Xe by capturing neutrons from 
the flux, /said 125 Xe decaying into the useful radio- 
isotope/ l2 ?I. 

method according to any ono o S Claim y s / 17 to 20 , 
wher/ei/i /the exposed material comprises a semiconductor 
mat^j^iaX, and the useful isotope is a doping impurity 
within/said semiconductor material, which is obtained from 
neutrpn captures by a first isotope of the semiconductor 
mate/ial . 

according to Claim 3?-, wherein the 
erial consists of silicon, with ^^S± as 
producing 31 Si by cap.uring neutrons 
'aid 31 Si decaying into 31 P as an electron- 
impurity. 

method according to Claim 3", wherein the 
material consists of germanium, with 7®Ge as 
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said first isotope producing 71 Ge /by capturing neutrons 
from the flux, said 71 Ge decaying into 71 Ga as an 
electron-acceptor doping impurity, and also with 74 Ge 
producing a smaller amount of /^Ge by capturing neutrons 
from the flux, said 75 Ge y^eca^ng into 7S As as an 
electroardonor doping impurity. 

(%§X 'a method of transmuting at least one long-lived 
isoto'pe of a radioactive/ waste, by exposing a material 
containing said long-lj^ved isotope to a neutron flux, 
wherein said materia/ is distributed in a neutron- 
diffusing medium surrounding a neutron source, the 
diffusing medium /being substantially transparent to 
neutrons and/s/o arrranged that neutron scattering within 
the dif fusinjg ^n^dium substantially enhances the neutron 
flux, origirjati/ig from the source, to which the material 
is exposed,' /nd wherein at least the portion of the 
diffusing meofium where the exposed material is distributed 
is made of heavy elements, so that multiple elastic 
neutron cc/llisions result in a slowly decreasing energy of 
the neutrons originating from the source. 

^ fi&c A method according to Claim 40, wherein said 
heavy/elements are ^ad)and/or bismuth. 

42. A method according to Claim 40 - or 4 -1, wherein 
said transmuted fsotope comprises ^Tc. ^" 

4-3. A methoH according to «my uiiu OT Claims 4 0 -fro — 4-2, 
wherein said transmuted isotope comprises ^^1. B r ~^X^^ 9 


A method according to any one of Claim^ 40 feo , 
wherein v said transmuted isotope comprises 7 ^se. n t 

45. A metnod according to any one Clain^ 40 -£-e — 4-4, 
wherein the njbutron source is a critical fast breeder 
reactor core, /jbut of which fast neutrons leak. 

46. A /m^thjsd according to a-p^y — — ©■£ Clairn^ 40 -fre- 
^H"7"~ wherein tpe neutron source is an energy amplifier core 
comprising a" spallation target and a nuclear fuel 
material, wherein the spallation target is bombarded by a 
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high-energy charged /particle beam to produce high-energy 
neutrons which init/ate a sub-critical process of breeding 
a fissile elemeny from a fertile element of the fuel 
material and fil^ojv of the fissile element, whereby fast 
neutrons leak (ojot of the energy amplifier core toward the 
diffusing medium. 

47. A method /according to Claim 46, wherein lead 
and/or bismuth form both said spallation target and said 
neutron-diffusij^ medium, at least some of said lead 
and/or bismuttf jfe^arng in liquid phase and circulated along 
a cooling q/^£xn.t £o extract heat from the energy 


lifier coJ/e 


48. A method agfco££LLng to Claim 4 6 or 47 , wherein the 

comprises further fissile elements 


nuclear fuel material 
consisting of acti/ides to be disposed of. 


